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Abstract. We investigate theoretically the wetting properties of cholesteric liquid crystals at a planar 
substrate. If the properties of substrate and of the interface are such that the cholesteric layers are not 
distorted the wetting properties are similar to those of a nematic liquid crystal. If, on the other hand, 
the anchoring conditions force the distortion of the liquid crystal layers the wetting properties are altered, 
the free cholesteric-isotropic interface is non-planar and there is a layer of topological defects close to the 
substrate. These deformations can either promote or hinder the wetting of the substrate by a cholesteric, 
depending on the properties of the cholesteric liquid crystal. 
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1 Introduction 

The understanding of surface and interfacial properties of 
fluids dates back to the early 19th century work of Young 
[Tj but continues to play a prominent role in modern sci¬ 
ence. When the fluid is a liquid crystal the phenomenology 
of interfacial phenomena and wetting is very rich and the 
unique features of liquid crystals, such as elasticity and 
the presence of topological defects, are promising routes 
to new microfluidic devices, where interfacial properties 
play a critical role [2]. 

Alongside the technological applications the understand¬ 
ing of the wetting properties of liquid crystals J3] are also 
a key fundamental problem. The study of the wetting be¬ 
havior of the simplest of liquid crystals, nematics, at pla¬ 
nar substrates has a long history (for a review see j4j). 

It is known for a long time that the wetting properties 
of nematic liquid crystals have similarities with those of 
simple fluids, as long as the surfaces do not impose elas¬ 
tic distortions on the liquid crystal |?!IFl[71[5M lini[ITllT2] . If 
elastic distortions are present the wetting properties are 
dominated by elasticity and are thus very different but 
well understood m ■ 

The unique features of liquid crystals are more promi¬ 
nent when the substrate is chemically or geometrically 
patterned. In this case the presence of topological defects 
has a profound influence on the wetting properties m m 
mimmiisiimiisj, such as re-entrant wetting, the sup¬ 
pression of wetting or filling, etc. 

In contrast to nematics, very little is known about the 
theory of wetting by cholesterics, and even experimental 
results have been published only recently [22]. Cholesteric 
liquid crystals, also known as chiral nematics, are nematic 
liquid crystals in which the preferred alignment direction 


describes a helix with a given pitch along an axis. In many 
ways cholesteric liquid crystals behave as layered materi¬ 
als [3). The absence of theoretical studies of wetting of 
cholesterics is not a surprise since even the cholesteric- 
isotropic interface was understood only recently[23]. It was 
well known for some time that the cholesteric-isotropic 
interface might not be planar, exhibiting instead a se¬ 
ries of parallel ridges and valleys [2n[25ll25H271)22H2SII29l . 
This rough interface rules out the possibility of using one¬ 
dimensional calculations that are usual in theoretical stud¬ 
ies of wetting and makes wetting of a cholesteric at a pla¬ 
nar substrate resemble somewhat wetting of a nematic at 
a patterned substrate, requiring a more sophisticated nu¬ 
merical analysis. Our recent systematic study of the free 
cholesteric-isotropic interface confirmed the non-planar con¬ 
figuration of the interface and revealed a non-trivial de¬ 
pendence of the surface tension on the pitch and the elas¬ 
tic properties of the liquid crystal [23]. The goal of this 
manuscript is to contribute to fill this gap in our knowl¬ 
edge of the fundamental wetting properties of cholesteric 
liquid crystals. 


In the next section we will detail our model and the 
numerical methods. In section 3 we present our results, 
starting with a brief review of wetting phenomena, of the 
properties of the cholesteric isotropic interface, and some 
analytical results. The remainder of section 3 describe how 
the wetting properties of the cholesteric depend on the 
pitch and on the elastic properties of the liquid crystal. 
Finally in the last section we summarise our main findings 
and hint at some open questions. 
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2 Model 3 Results 


Our analysis follows a well established route, using the 
Landau-de Gennes free energy for a cholesteric liquid crys¬ 
tal (LC) [3|fl8l , which is built from the usual expansion in 
the lowest order terms of the symmetric, traceless, ten¬ 
sor order parameter Q t j , split into elastic / e , bulk f b , and 
surface terms f s , F = J dV (f e + f b ) + f dSf s . Here f e = 

(Qij,kQji,kF^QoQil€ijkQkl,jdr^QoQijQjiFkQij) 

fb — ^rQijQji 2 QijQjkQki H - g(QijQji) ■ and f s — 
— | wQijQ where summation over repeated indices is as¬ 
sumed. Our version uses dimensionless quantities and thus 
the bulk free-energy depends only on three parameters, 
go, t, and k. go = 2tt/P is the inverse of the cholesteric 
pitch P. In this model the nematic phase is described by 
the limit of infinite pitch P —oo or, equivalently, the 
limit go —>• 0. r is a reduced temperature whose value 
determines the equilibrium bulk phase. While for a ne¬ 
matic r = 1 is the coexistence temperature between the 
nematic and the isotropic phases, for a cholesteric the co¬ 
existence temperature depends both on k and the pitch: 
t c — 1 — 3go/(6 + 4 k). The order in the LC phase is de¬ 
scribed by a scalar order parameter S with values S = 0 
in the isotropic phase and S = S b in the LC phase. At the 
coexistence temperature, S b ~ 1. All lengths are measured 
in units of the correlation length £, which is the scale of 
the typical size of the topological defects and of the width 
of the LC-isotropic interface (typically a few correlation 
lengths). As a reference, for the nematic LC 5CB the cor¬ 
relation length at room temperature is around 15 nm so 
P = 1000£ is equivalent to P = 15/im. k = L 2 / where 
Li and L 2 are the usual elastic constants of the Landau-de 
Gennes theory. The usual elastic constants of the Frank- 
Oseen theory K\ (splay), K 2 (twist), and K 3 (bend) are 
related to S b , Ai, and L 2 by A'i = A 3 = 9S%(2L 3 +L 2 )/4 
and K 2 = 9S%Li/2. Notice that this simplest version of 
the Landau-de Gennes theory only has two elastic con¬ 
stants and A'i = I\ 3 . Also notice that k = 0 is equivalent 
to L 2 = 0, and K\ = K 2 = K 3 , known as the one-elastic- 
constant approximation. 

The surface term favours a configuration of the tensor 
order parameter of Q^ near the surface, with ui being 
known as the anchoring strength. A value of to near zero 
models a substrate with weak anchoring and the opposite 
limit of large values of ui models a substrate with strong 
anchoring, imposing a fixed orientation. 

For the numerical results we assume translational in¬ 
variance along the z direction and thus calculate the con¬ 
figuration on the xy plane. The Landau-de Gennes free 
energy is minimized using a Finite Element Method with 
adaptive meshing to resolve the different length scales 
[30]. The obtained numerical precision in free energy was 
lower than 1%. 


3.1 Review of wetting phenomena 

When a liquid and its vapor are in contact with a solid 
surface it forms a drop with a defined contact angle 0, 
whose value is given by Young’s law, relating the value of 
the contact angle with the values of the surface tensions 
of the three interfaces that meet at the contact line: solid- 
vapor a sv , solid-liquid a s i, and liquid-vapor a 

cos 0= - (1) 

a 

From Young’s equation we can see that the contact angle 
goes to zero when: 

<7 sv — (7 s i -f (T (2) 

This condition, known as Antonow’s rule, is the macro¬ 
scopic equivalent of the microscopic condition that a film 
of adsorbed liquid has an infinite thickness and it de¬ 
fines a wetting transition, a surface phase transition that 
separates regimes of disparate interfacial properties. The 
approach to the wetting transition is controlled by three 
thermodynamic parameters: temperature, pressure and a 
surface field that encapsulates the influence of inter-molecular 
forces and surface chemistry. From a theoretical point of 
view the study of wetting phenomena is most transpar¬ 
ent by holding the pressure and temperature fixed and 
changing the surface field. 

For a liquid crystal there are further thermodynamic 
variables but wetting is easier to understand by setting 
the temperature to the coexistence temperature between 
the liquid crystal and the isotropic phases and changing 
the surface properties. Note that pressure does not play a 
role in the Landau-de Gennes model. The surface proper¬ 
ties can be further split into anchoring (alignment of the 
director at the surface) and a surface field that controls 
the strength of the surface interactions w, the anchoring 
strength. We have already introduce this parameter before 
when we defined the theoretical model. 

Specializing the above framework to cholesteric liquid 
crystals, Antonow’s rule for wetting of a substrate by a 
cholesteric liquid crystal is 

<r S i(v c ) = <j sc (uj c ) + c r, (3) 

where a s i, a sc , and a are the surface tensions of the substrate- 
isotropic, substrate-cholesteric, and isotropic-cholesteric in¬ 
terfaces . The transition anchoring constant w c is the value 
of w that satisfies this condition and defines the thermo¬ 
dynamic location of the wetting transition. 

3.2 Review of the cholesteric-isotropic interface 

A key ingredient of wetting is the free cholesteric-isotropic 
interface. We described the structure and interfacial prop¬ 
erties of the free cholesteric-isotropic interface recently [53] 
but we review the main results here for completeness. Let 
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Fig. 1. Surface tension of the cholesteric-isotropic interface 
with the pitch, for k = — 1. The surface tension decreases for 
lower values of the pitch, due to the formation of low free en¬ 
ergy regions of double twist close to the interface. The value 
of the surface tension slowly approaches the nematic limit for 
large values of the pitch. 



Fig. 2. Surface tension of the cholesteric-isotropic interface 
with k, for pitch=20£ (blue diamonds) and pitch=1000£ (red 
dots). The surface tension of the nematic-isotropic interface 
for parallel (stricht black line) and homeotropic (dashed black 
line) anchoring is also plotted for reference. 


us start with a nematic-isotropic interface. Using a simple 
ansatz mm it can be seen that the anchoring at the 
interface depends on the value of k: when k > 0 the di¬ 
rector aligns parallel to the interface (planar anchoring), 
whereas if k < 0 the liquid crystal aligns perpendicular to 
the interface (homeotropic anchoring). For a cholesteric, 
planar anchoring is favoured if k > k c (P) where k c de¬ 
pends on the value of the pitch and k c —>• 0 as the pitch 
goes to infinity, the nematic limit 123] ■ In this case the 
surface tension of the cholesteric-isotropic interface is the 
same as the nematic-isotropic interface. If k < k c (P) the 
liquid crystal tries to have homeotropic anchoring but 
this is not compatible with the layered structure of the 
cholesteric. To accommodate these incompatible config¬ 
urations the cholesteric layers distort near the interface, 
forming topological defects, and the interface bends. The 
surface tension varies with the pitch, having a maximum 
and then decreasing slowly to the value of the surface ten¬ 
sion of the nematic as the pitch increases, see Fig. [lj The 
deformations of the interface grow linearly with 7^1 for 
k < k c (P) and grow sub-linearly with \[P. 

3.3 Planar anchoring at the cholesteric-isotropic 
interface 

The simplest wetting scenario with a cholesteric liquid 
crystal is when k > k c and thus the anchoring at the 
interface is planar. If the anchoring at the substrate is 
also planar the layered structure of the cholesteric can 
be accommodated in a wetting layer without distortions. 
Since there are no distortions the problem of calculat¬ 
ing the equilibrium configuration and the corresponding 
surface tension is effectively one-dimensional and we can 
calculate the wetting anchoring constant using the same 


ansatz used for nematics. As we already know the surface 
tension is the same as for nematics and independent of the 
value of the pitch. This is consistent with the view that at 
length scales smaller than P the cholesteric is similar to 
a nematic. The substrate-cholesteric and substrate-vapor 
surface tensions can be calculated with the same ansatz 
and using Antonow’s rule we obtain the same value for uj c 
as for the nematic: 


LO c 


= a = 


1 / 6 + fc 
6V 3 + 2fc' 


( 4 ) 


We checked these results numerically and they are con¬ 
sistent with the theoretical prediction, within 4%. We note 
that the theoretical calculations assume that the config¬ 
uration of the cholesteric is not changed when S varies 
close to the interface and biaxiality is ignored. These as¬ 
sumptions might be responsible for the discrepancy be¬ 
tween the theoretical and the numerical results. As an 
example if we allow for biaxiality we obtain for the coex¬ 
istence temperature between isotropic and cholesteric r c = 

1 — 3ql — ^1 — (l + 2 ql) 3 ^ 2 ^j /2, where qk = qo/y/3 + 2k. 
This is not significantly different from the value neglect¬ 
ing biaxiality r c = 1 — 3qg / (6 + 4 k) except for very small 
values of the pitch. 

As a summary, in the “non-distorted” case, the cholester 
and the nematic have the same wetting properties. The 
only important distinction is that the nematic favours pla¬ 
nar anchoring for k > 0, whereas for the cholesteric this 
happens for k > k c (P), where k c (P) depends on the pitch 
and is positive. 
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Free interface 



Fig. 3. Typical configuration of a wetting layer with negative 
k showing the nonplanar interface and the layer of topological 
defects close to the substrate. The isotropic phase is plotted in 
red and the circles and lines give the direction of the director 
in the cholesteric phase. A large circle indicates a large out-of¬ 
plane director component. 


3.4 Homeotropic anchoring at the cholesteric-isotropic 
interface: dependence on the pitch 


Unlike the case k > k c (P) described above, for systems 
with k < k c (P) things are more interesting. The cholesteric 
layers prefer to align perpendicular to the interface and the 
planar anchoring at the substrate may force the nucleation 
of a further layer of topological defects close to the sub¬ 
strate, so that all topological constraints are satisfied. A 
typical configuration is seen in Fig. [3] 

In Fig. [4j we plot the value of the critical anchoring w c 
as a function of P for a negative value of k = —0.5. For 
comparison, we also plot w c for the nematic. As expected, 
the overall behavior of uj c follows the surface tension for 
k < 0 shown in Fig. [2j For small P < 200£ co c decreases as 
P — > 0. The underlying cause of this behavior is the same 
as for the surface tension: the formation of double-twist re¬ 
gions (A defects) close to the cholesteric-isotropic interface 
with lower free energy density than the bulk cholesteric 
phase, favouring wetting of the substrate by the cholesteric 
phase. On the opposite limit, for large values of P, w c 
approaches slowly the asymptotic value (the critical an¬ 
choring for a nematic). The difference between the values 
of the critical anchoring of the cholesteric and of the ne¬ 
matic is due to the undulations of the isotropic-cholesteric 
interface, the distortions of the cholesteric layers and the 
formation of topological defects near the substrate. This 
layer of topological defects has a strong influence on the 
wetting behavior which is not obvious from the previous 
result. In the next section we will see how w c depends on 
k, which highlights the role of the topological defects. 
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Fig. 4. Critical anchoring ui c as a function of the pitch P, for 
k = —0.5. As a reference the value for a nematic is presented. 



Fig. 5. Critical anchoring u> c as a function of k, for pitch P = 
200£. The preferred wetting state changes from homeotropic 
to planar at k ~ —0.3. 


3.5 Homeotropic anchoring at the cholesteric-isotropic 
interface: dependence on k 

In this section we explore the role of k on the behavior 
of w c taking into account the value of the pitch. In Fig. [5] 
and Fig. [6] we plot w c with k for cholesteric layers aligned 
parallel and perpendicular to the interface for P = 200£ 
and P = 400£, respectively. 

In both Fig. [5] and Fig. [6j the curves of tu c for the 
cholesteric cross at a negative value of k (k c « —0.3 for 
P = 200£ and k c ~ —0.4 for P = 400£), whereas the 
curves for the nematic cross at k = 0, i.e. the presence 
of the substrate causes a change of the value of k c (P) 
at which the preferred anchoring changes from planar to 
homeotropic. This change is due to the presence of the 
layer of topological defects close to the substrate, which 
penalizes homeotropic anchoring. As the value of the pitch 
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Fig. 6. Critical anchoring ui c as a function of k, for pitch P = 
400£. The preferred wetting state changes from homeotropic 
to planar at k ~ —0.4. 


increases the value of the free-energy per pitch of the layer 
of topological defects decreases to zero and k c (P) —> 0, 
the nematic limit. Note that k c (P) for the free isotropic- 
cholesteric interface is also different from zero j23| due to 
the double-twist regions close to the interface. 

In the results described above we have considered that 
the wetting configuration had a layer of topological defects 
close to the substrate. This is what happens in the limit of 
strong anchoring but for smaller values of the anchoring 
there is a second possible configuration of the cholesteric 
without topological defects close to the substrate. In other 
words, there are two possible wet states. It may happen 
that for different parameters the formation of topological 
defects followed by a wetting transition is reversed. If this 
happens the wet state will form initially without topologi¬ 
cal defects and only for larger values of the anchoring will 
the topological defects be present. In order to see if the 
wet state at the wetting transition contains the disclina- 
tion lines close to the substrate, we calculated numerically 
the value of the anchoring strength at the substrate for 
which the free energies of the systems with and without 
the additional defects are equal w* (see Fig. [7j). 

We started with a system filled with a cholesteric in 
contact with a substrate that imposes parallel anchoring 
(at the bottom of the system). The cholesteric layers were 
set to be aligned perpendicularly to the substrate by im¬ 
posing fixed anchoring at the top of the system. We in¬ 
creased the value of uj at the substrate until the disclina- 
tion lines formed. The free energy of the configurations 
without defects for the different values of w are plotted as 
the red curve in Fig. [7J After the formation of the defects, 
we decreased the value of w, obtaining the blue curve in 
Fig.0 The crossing point of the red and blue curves is the 
value of uj* . Comparing uj* with uj c we see that uj* < uj c , 
i.e., the formation of the disclination lines occurs before 
the wetting transition. Hence, the wet state at the wetting 
transition contains the additional disclination lines. This 


Fig. 7. Free energy of the configurations with (red) and with¬ 
out (black) topological defects near the surface, as a function 
of the anchoring strength uj. The crossing identifies when the 
layer with defects is formed. The inset shows the transition, 
which takes place at cj ~ 0.12. 

is the most common scenario but it is possible that the 
reverse happens for very small values of the pitch or very 
negative values of k. 

4 Conclusions and discussion 

In this manuscript we studied wetting with a fixed orien¬ 
tation imposed at the substrate: planar and along the x 
axis. We have also explored what happens for other val¬ 
ues of the orientation at the substrate, when the preferred 
orientation is still planar but along the ^ axis or at an in¬ 
termediate direction between the x and 2 axis. We found 
that, for most values of the parameters, the state with the 
lowest energy is the one with alignment along the x axis, 
even though for small values of the pitch or k alignment 
along the z axis may be favoured. 

It is also possible that a substrate imposes degener¬ 
ate planar anchoring, where the director is in the plane 
of the substrate but no direction in the plane is favoured, 
homeotropic anchoring, or oblique anchoring. Our goal in 
this manuscript is to describe the basic wetting phenom¬ 
ena of cholesterics rather than an exhaustive description. 
With the large number of parameters an exhaustive map¬ 
ping of cholesteric wetting is a task for further work. 

As a summary, we have described the main characteris¬ 
tics of wetting of a substrate by a cholesteric. The number 
of parameters makes an exhaustive exploration of the pa¬ 
rameter space a gigantic task but we were able to extract 
the main features. Unlike a nematic liquid crystal wetting 
of a cholesteric at a planar substrate presents a rich phase 
diagram. The wetting characteristics follow broadly the 
same pattern, being dominated by the behaviour of the 
surface tension of the cholesteric-isotropic interface and 
can be divided into two regimes, for small and large val¬ 
ues of the pitch. The topological constraints may force the 
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nucleation of a surface layer of topological defects that we 
predict is nearly always present in the wet state. 

It will be interesting to explore wetting phenomena of 
cholesterics at patterned substrates. Wetting at patterned 
substrates has been something of a hot topic in surface 
science m and references therein) but cholesterics in¬ 
troduce a new feature in the phenomena. Since cholester¬ 
ics have an intrinsic mesoscopic length scale, the pitch, 
we expect a rich interplay between the wavelength of the 
patterns at the substrate and the pitch of the cholesteric. 
It is not hard to anticipate that the ratio of these length 
scales will lead to phenomena such as frustration, elastic 
strains and a kind of “resonance”, in a loose sense, when 
the length scales are commensurate and the layers can fit 
perfectly into the substrate patterns. Since the cholesteric 
pitch can be easily controlled with temperature or dop¬ 
ing this might present interesting ways of controlling the 
optical properties or as a medium for colloidal templating 

m- 
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